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Abstract 
Versatile sensors with low cost and complexity allowing wireless-enabling characteristics are in great 
demand for use in a number of applications, from environmental sensing to condition monitoring and 
management in large areas and infrastructures. Polymer Optical Fibers (POF) have been identified as a 
promising photonics platform that combines a remarkable applications sensing range with such cost and 
complexity characteristics that could allow their effective deployment and integration in many 
challenging applications. . A hybrid wireless photonic sensor network based on POFs incorporates the 
advantages of POFs and wireless network. Proper modification or microstucturing of POFs’ surface 
improves their sensitivity in the surrounding environment and measurands, and by the incorporation of 
suitable sensitive materials this functionality could be further enhanced. The need of autonomous and 
wireless devices for industrial applications sets very strict requirements in interrogation’s system 
complexity and overall cost in order to make their integration in working environments viable. 
Laser  modified POF sensors integratable in wireless sensor networks are demonstrated  as case studies. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
 
In this work, a thorough study on Polymer Optical Fiber sensors is presented. Starting from the 
micropatterning of POFs, testing them as potential optical humidity sensors with the addition of suitable 
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material, and ending in a wireless sensor network that can be installed in any industrial environment 
where other types of sensors cannot be applied. 
In terms of environmental parameters that play crucial role, humidity monitoring is very important in 
storage, preservation and transport operations [1]. The range where humidity monitoring is of utmost 
importance varies from industrial environments to food and medical applications. In this concept, optical 
sensors offer many advantages in comparison to other conventional methods as electrochemical sensors. 
Optical sensors being immune to electromagnetic interference, relatively low cost and highly sensitive 
seem to be an ideal solution in many cases. In the next sections, a brief commentary on POF 
micromachining aspects is given, followed by preliminary humidity sensor testing experiments. Then, a 
succinct analysis on a wireless sensor network that POF sensors can be incorporated in is presented. 
 
2. Micromachining of POFs 
 
Earlier works have demonstrated the ablation of polymers with 193-nm UV laser, proposing it as an ideal 
microstructuring tool [2,3]. In our work, the initial concern was to create grooves on the fiber, in order to 
enhance sensitivity. The experimental setup used is shown in figure 1. It consisted of a full 
micromachining station with an ArF excimer laser emitting at 193 nm, a XYZ nanopositioning stage and 
a CCD camera for real time monitoring of the ablation process. The system was fully automated and 
driven by PC.  
 
 
Figure 1: Experimental setup for micromachining applications 
 
By using that micromachining system, a controlled groove can be created (figure 2, left) depending on the 
pulse characteristics (pulse duration, number of pulses, pulse intensity) and the stage velocity. The 
grooves were characterized in both optical and Scanning Electron Microscopes.  In a complementary 
effort, holes of different depths were created to act as PEO-CoCl2 receptors (figure 2, center & right).  
 
         
Figure 2: Scanning Electron micrographs( left) of groove creation on POFs by direct laser etching. (center & right) 
Hole creation on POFs by direct laser etching. Holes of various depths were successfully created 
 
3. Humidity testing 
  
Early works [1] had shown that hybrid polymer materials containing CoCl2, can act as perfect humidity 
sensors, due to their molecular morphology. In addition, other fiber optical sensors have been successfully 
developed in the past form the group [4]. 
The composite material synthesis can be found elsewhere [1]. The material used in our work is cobalt 
chloride (CoCl2) embedded in a polymer (polyethylene oxide -PEO) matrix. The optical fibre used in the 
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current work was 1 mm in diameter with polyethylene jacket. Relative humidity detection is based on 
light intensity alterations attributed to the interaction between PEO-CoCl2 and water molecules causing a 
change in the refractive index. At the first stage of the experimental procedure, two fibers were opposite 
to each other leaving a 1 mm spacing, where the PEO-CoCl2 solution was put and acted as the matching 
fluid between the two edges (figure 3 left). Water droplets were dropped on a peltier device and were 
heated to create a humid atmosphere in the testing chamber (figure 3, right). In the chamber a commercial 
humidity meter was placed for real time monitoring of the humidity value (%). The other end of the fiber 
was placed in front of a photodiode to record the light intensity. Thus, each intensity value could be 
attributed to a certain degree of relative humidity (figure 4, left). The transmitted intensity signal was 
measured by a power meter. Then the two fiber system was replaced by a laser etched POF having an 
interaction groove and similar measurements were taken (figure 4, right). 
 
     
Figure 3: (Left) Interaction region between two fibers. (Right) Schematic of the testing setup  
 
  
Figure 4: (Left) Response curve for increasing humidity for the two fibers setup (left) and for the modified fiber 
(right)  
 
It was observed that the microstructured POF sensor response followed the same trend as the traditional 
two fibers system. By further and properly customising the micromachining of the POF (e.g. increase the 
etching depth, width, length etc) tailored and optimised sensor response could be achieved in respect to 
device loss, responsivity, sensitivity, measurement speed etc.  
 
4. Wireless sensor network 
 
The POF based optical sensors exhibit very low power requirements together with low complexity 
interrogation system, as they are based on amplitude interrogation schemes. Those key characteristics 
enable their autonomous operation and also their employment in wireless remote motes for setting 
wireless sensor networks[5,6]. This autonomous sensor node at its basic form  consists of the sensing tip, 
which is the POF channel and the Fiber Optic Driver Circuit Board (FODCB)  (figure 5, left) which 
supply the POF. The LED (200 microwatts output optical power at 650nm) and the phototransistor are 
embedded on a Fiber Optic Driver Circuit Board (FODCB) that also has an amplifier for amplifying the 
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phototransistor’ signal and the appropriate electronic driving circuits. The output of the amplifier is 
connected to the A/D converter of the wireless sensor node for further processing. The FODCB is 
supplied by 2 AA batteries of 3V in total.  
The sensor is compatible and intergratable in wireless platforms using the Zigbee protocol [7]  (figure 5, 
right) and its operation has been demonstrated. 
 
    
Figure  5: (Left) autonomous sensor node. (center) Prototype system. (Right) wireless platform using the 
Zigbee protocol  
 
5. Conclusion 
 
A complete work has been presented where POF segments are patterned in order to enhance their 
sensitivity as potential humidity sensors. Promising preliminary results have been obtained, indicating the 
road map for the future optimization of the system. The POF optical sensors can be incorporated in a 
wireless sensor network and can be used in dangerous industrial environments where other types of 
sensors (e.g. electrochemical) cannot be used. 
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